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Description 



This invention relates to films of high oxide su- 
perconductors and nriethods for making tliem, and more 
particularly to such film structures and methods where 
the oxide superconductors exhibit superconductivity at 
temperatures greater than 40K. 

Superconductors of many types are known in the 
prior art, Including both elemental metals and com- 
pounds of various types, such as oxides. The recent 
technical breakthrough reported by Bednorz and Muller 
in Z. Phys. B,64, 189 (1984) was the first major improve- 
ment in a superconducting material In the last decade, 
wherein the critical transition temperature T^ at which 
the material becomes superconducting, was increased 
substantially. 

Bednorz and Muller described copper oxide mate- 
rial including a rare earth element, or rare earth-like el- 
ement, where the rare earth element could be substitut- 
ed for by an alkaline earth element such as Ca, Ba or Sr. 

The work of Bednorz and Muller has led to Intensive 
Investigations in many laboratories in order to develop 
materials having still higher T^. For the most part, these 
high Tg oxide superconductors consist of compounds of 
La, Sr, Cu, and 0, or Y, Ba, Cu, and 0. In particular, co- 
pending European patent application No. 88101321.3 
describes a high Tg oxide superconductor that Is a single 
phase bulk superconductor having the general formula 
Ai±x M2±x CUaOy 

Where A is Y or a combination of Y, La, Lu, Sc or 
Yb; M is Ba, or a combination of Ba, Sr or Ca; x is be- 
tween 0 and 0.5 and y is sufficient to satisfy the valence 
demands of the material. A particularly preferred single 
phase composition described in that copending applica- 
tion is Y Bag CU3 Oy. 

For many applications. It is necessary to be able to 
provide the superconducting material in film form, i.e, in 
a range of thin films (for example, about 1000 Ang- 
stroms) to thick films (for example, in excess of 1 mi- 
cron). Heretofore, there has been no reported satisfac- 
tory way to provide films of these new high T^ oxide su- 
perconductors where the film must exhibit superconduc- 
tivity at temperatures in excess of 40K. Accordingly, it is 
a primary object of the present invention to provide films 
of high Tc oxide superconductors having superconduc- 
tivity at temperatures in excess of 40K, and methods for 
preparing these films. 

In another aspect of this invention there is provided 
copper oxide superconducting films exhibiting super- 
conductivity at temperatures in excess of 40K, and 
methods for preparing these copper oxide high T^ films. 

In another aspect of the present invention there is 
provided transition metal oxide superconducting films 
having superconductivity at temperatures in excess of 
40K, and methods for preparing these transition metal 
superconducting oxides. 

In another aspect of the present invention there is 



provided films of transition metal oxide superconductors 
exhibiting superconductivity at temperatures in excess 
of 40K, where the films are continuous and smooth, and 
exhibit compositional uniformity over usable areas. 

5 In another aspect of the present invention there is 
provided continuous, smooth copper oxide supercon- 
ductive films exhibiting superconductivity at tempera- 
ture in excess of 40K and methods for making these 
films, where the films exhibit a perovsklte-like structure. 

10 In another aspect of this invention there is provided 
transition metal oxide superconductive films including a 
rare earth element or a rare earth-like element, where 
the films exhibit superconductivity at temperatures 
greater than 40K, and method for making these films. 

15 In another aspect of the present invention there is 
provided films having the nominal composition 
AB03.yABOy exhibiting superconductivity at tempera- 
tures greater than 40K, where A stands for a rare earth 
or near rare-earth element or a combination of a rare 

20 earth element and an element selected from the group 
consisting of Ca, Ba, and Sr, B stands for a transition 
metal, and y is sufficient to satisfy the valence demands 
of the film composition. 

In another aspect of this invention there is provided 

25 superconductive oxide films having the nominal compo- 
sition AB2Cu309.y, and methods for making these films, 
where the films are superconducting at temperatures in 
excess of 40K and A is a rare earth or rare earth-like 
element, B is an alkaline earth element, and y Is suffi- 
ce cient to satisfy valence demands of the composition. 

In another aspect of the present invention there is 
provided smooth, continuous copper oxide supercon- 
ducting films having a perovskite-like crystal structure 
and exhibiting superconductivity at temperatures in ex- 

35 cess of 40K, and to provide methods for making these 
films. 

The films of this invention are oxide superconduc- 
tors exhibiting superconductivity at temperatures in ex- 
cess of 40K, the films being smooth and continuous and 

40 exhibiting substantial compositional uniformity. In par- 
ticular, the films are comprised of transition metal oxides 
containing a superconducting phase, and typically in- 
cluding a rare earth element or rare earth-like element. 
These rare earth-like elements include Y, Sc, and La. 

45 Additionally, the rare earth or rare earth-like elements 
can be substituted for by an alkaline earth element se- 
lected from the group consisting of Ca, Ba, and Sr. The 
transition metals are multi-valent, non-magnetic ele- 
ments selected from the group consisting of Cu. Ni, Tl, 

50 and V. Of these, Cu is preferred and provides unique 
superconducting films exhibiting essentially zero resist- 
ance at temperatures in excess of 77K, the boiling point 
of liquid nitrogen. The copper oxide based films of this 
invention exhibit exceptionally high temperatures for the 

55 onset of superconductivity at extremely elevated tem- 
peratures, in addition to being continuous, smooth, and 
of excellent compositional uniformity. The Cu oxide films 
are therefor considered to be unique examples of this 
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class of films, as are the processes for making them. 

Typically, the films are characterised by a per- 
ovskite-like crystalline structure, such as those de- 
scribed in more detail by C. Michel and B Raveau in Dde 
Chlmie Minerale, 21. p. 407 (1984). These films are 5 
formed by a vapour deposition process in which multiple 
metal sources are used, pure metal being vaporised 
from each of these sources. Vapours of the pure metal 
travel to the substrate which is exposed to an oxygen 
ambient. A surface reaction occurs forming a metal ox- io 
ide film on the substrate. In order to enhance this surface 
reaction, the substrates are usually heated. An anneal- 
ing step in an oxygen environment is then carried out to 
satisfy valence and stoichiometry requirements. After- 
wards the annealed materials are slowly cooled to pro- is 
duce superconducting films. 

The use of separate metal sources provides control 
of the process while the oxygen ambient during vapor 
transport is used to insure that the growing films are sta- 
ble. The post-anneal step in an oxygen environment en- 
sures that sufficient oxygen is present to satisfy valence 
and stoichiometry requirements, as well as to obtain the 
proper phase for high T^. superconducting. 

As previously noted, this Invention relates to transi- 
tion metal oxides containing a superconducting phase 25 
that exhibits superconductivity at temperatures in ex- 
cess of 40K, and more particularly to films of these ma- 
terials and to processes for making these films. The in- 
vention is specifically directed to films which are super- 
conducting at temperatures in excess of 40K, at the des- 30 
ignation "high T^" films being used to indicate this prop- 
erty. In this manner, a distinction is clearly made be- 
tween the films of this invention and the superconduct- 
ing ceramic films known in the art, such as Ba-Pb-Bi-0 
films and Li-Ti-0 films. These previously known films are 3S 
also oxide superconductors, but have very low transition 
temperatures, typically below about 1 3K. The Ba-Pb-Bi- 
0 (BPS) composition is a perovskite-type oxide super- 
conductor while Li-Ti-0 (LTO) oxide superconductors 
are spinel-type oxides. 

The preparation of BPS oxide films was first de- 
scribed by L R Gilbert et aL in Thin Solid Films, 54^ pp. 
1 29-1 36, (1 978). These films were prepared by sputter- 
ing using mixed oxide targets produced by sintering and 
pressing together powders of barium, bismuth, and lead 45 
oxides. Sputtered films were amorphous and became 
metallic and superconducting (in most cases) upon an- 
nealing. Films were annealed both in air and In oxygen. 
A defect model based on barium vacancies and an 
equal number of oxygen vacancies was postulated for so 
the superconducting behaviour of these films. 

In a subsequent article I.R. Gilbert et al described 
resputtering effects in the BPB perovskites. This article 
is I.R.Gilbert et al. J. Vac. Sci. Technol,. 17 (1), p. 389. 
Jan/Feb 1980. 55 

Subsequent to the work of Gilbert et al. M. Suzuki 
and co-workers further developed techniques for form- 
ing films of BPB. In their work, they produced supercon- 
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ducting thin films using high partial pressures of oxygen 
in their sputtering apparatus, where the sputtering tar- 
gets were dense mixtures of Ba, Pb, and Bi oxides. 
Sputtering from pure metal targets was not suggested. 
A post-anneal step in an oxygen environment was used 
to obtain superconducting films having a perovskite- 
type structure. Both cooled and heated substrates were 
utilised. These processing conditions of Suzuki et al are 
described in the following references: 

1. M. Suzuki et al, Japanese Joumal of Applied 
Physics, vol. 19 No, 5 pp. 123M234, May 1980. 

2. M. Suzuki, J, Appl. Phys., 53 (3) p. 1622, March 
1982. 

In addition to the processing techniques developed 
by Suzuki et al to provide films of these oxide supercon- 
ductors, their research has been extended to the utili- 
sation of the superconducting oxide films In devices, 
such as tunnel junctions. References generally describ- 
ing the devices and their characteristics are the follow- 
ing: 

1. M. Suzuki et al. Japanese Joumal of Applied 
Physics, Vol. 21 No. 7. p. 1437. July 1982. 

2. M. Suzuki et al, Proceedings of the 1 3th Confer- 
ence on Solid State Devices, Tokyo, 1981; Japa- 
nese Journal of Applied Physics, Vol. 21, (1982) 
supplement 2M, pp. 313-318. 

Reference 2 describes Josephson Tunnel Devices 
fabricated from both BPB and LTO thin films. 

Accordingly the present invention provides a proc- 
ess of making films of superconductive material exhib- 
iting superconductivity at temperatures in excess of 
40K, said process including the steps of: employing an 
evaporation process to transport metal atoms from sep- 
arate metal sources to a substrate, at least one of said 
metal atoms being a transition metal capable of forming 
a transition metal oxide composition having a super- 
conducting phase exhibiting superconductivity at tem- 
peratures in excess of 40K; providing an oxygen ambi- 
ent at said substrate while said metal atoms are arriving 
thereat, said metal atoms and said oxygen reacting to 
form a transition metal oxide film on said substrate; an- 
nealing the as-deposited oxide film in an oxygen envi- 
ronment; and slowly cooling said annealed film to room 
temperature, said resulting cooled film having a phase 
which exhibits superconductivity at temperatures in ex- 
cess of 40K. 

Suitably the film containing the copper oxide phase 
contains a rare earth element, and optionally also con- 
tains an alkaline earth element. 

The film of superconductive oxide suitably has a 
thickness less than about 1 x lO^^m (10,000 ang- 
stroms). 
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In one suitable embodinnent of the present invention 
the superconducting film contains a rare earth or rare 
earth-like element and substituted therefore an alkaline 
earth element, the ratio of the rare earth element and 
alkaline rare earth element to the transition metal ele- 
ment being approximately 1:1. Suitable rare earth-like 
elements contained In the superconducting film are se- 
lected from the group consisting of Y, Sc, and La. 

The superconducting film of the present invention 
preferably exhibits a perovskite-ltke crystallographic 
structure. 

A suitable superconducting film within the scope of 
the present invention contains Y, Ba, and Cu; aptly 
wherein the ratio (Y, Ba) :Cu is approximately 1:1. 

In a further suitable embodiment of the present in- 
vention the superconducting film has a nominal compo- 
sition 

YiBa2Cu30y 

where y is sufficient to satisfy the valence and stoichim- 
etry demands of the material. 

In a preferred embodiment the present invention 
provides a superconducting structure comprising, in 
combination, a substrate and a film of superconductive 
material formed on the substrate, the superconductive 
film being a crystalline film exhibiting superconductivity 
at temperatures in excess of 40K, the film being com- 
prised of a transition metal oxide having a phase exhib- 
iting superconductivity and further including at least one 
rare earth element or rare earth-like element selected 
from the group consisting of Y, Sc, and La, the film hav- 
ing an alkaline earth substitution for the rare earth or 
rare earth-like element. Suitably the alkaline earth sub- 
stitute is selected from the group consisting of Ca, and 
Ba, and Sr; preferably wherein the transition metal is 
copper. 

Preferably the transition metal of the transition met- 
al oxide of the superconductive film is a nonmagnetic, 
mixed valent metal. 

Suitably the superconducting film has the proper- 
ties of a superconducting onset temperature in excess 
of 90K and a substantially zero resistive state at tem- 
peratures in excess of 70K. 

In one aspect of the preferred embodiment the su- 
perconducting film includes a transition metal selected 
from the group consisting of Cu, Ni, Ti, and V, and a rare 
earth element or rare earth-like element selected from 
the group consisting of Y, Sc, and A, together with an 
alkaline earth element selected from the group consist- 
ing of Ca, Ba and Sr, said films exhibiting a perovskite- 
like crystal structure. 

Suitably the superconducting film of the preferred 
embodiment contains La and Sr, and is a copper oxide 
superconducting film. 

Preferably the superconducting film of the preferred 
embodiment contains Y and Ba, and is a copper oxide 
superconducting film. 

In a further preferred embodiment of the present in- 
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vention the superconducting structure comprises in 
combination a substrate, and a superconducting film de- 
posited on the substrate, the superconducting film ex- 
hibiting the onset of superconductivity at temperatures 

5 in excess of 90K and further exhibiting a substantially 
zero resistance state at temperatures in excess of 70K, 
said superconducting film being continuous and com- 
prised of a mixed copper oxide film exhibiting a per- 
ovskite-like crystalline structure. 

10 Suitably the transition metal is copper. Suitably the 
metal elements include at least one rare earth or rare 
earth-like element. 

The method is suitably performed such that the 
cooling occurs over several hours. 

15 Preferably the method of the present invention fur- 
ther includes the step of annealing said as-deposited ox- 
ide film in an inert gas environment prior to annealing 
said oxide film in an oxygen environment. 

The process for making films is particularly suitable 

20 where the substrate is comprised of a refractory oxide. 
Preferably the annealing step of the method of the 
invention includes a first annealing step at a first tem- 
perature and a second annealing step at a higher tem- 
perature. 

25 Preferably three metal sources are utilised to pro- 
vide vapours of three metals, said three metals including 
said transition metal, a rare earth element or rare earth- 
like element, and an alkaline earth element; in particular 
the three metals are Y, Ba and Cu, there being three 

30 separate sources for these three elements. 

Aptly the substrate Is heated during deposition and 
the formation of the transition metal oxide film on the 
substrate. 

Suitably the ratio in the film of (Y,Ba):Cu is about 1 : 

35 1. 

A preferred method of the present invention produc- 
es a superconducting film of La-Sr-Cu oxide. 

A further preferred embodiment of the present in- 
vention comprises a structure exhibiting a high super- 

40 conductivity T^, said structure including a substrate, and 
a film formed on said substrate, said film being a super- 
conductive oxide film having the property of substantial- 
ly zero resistance at temperatures in excess of about 
70K and being comprised of a nonmagnetic multi-valent 

^5 transition metal oxide phase. Suitably the film exhibits 
a crystalline perovskite-like structure. A particularly pre- 
ferred film is one wherein the transition metal oxide is 
copper oxide. 

In order to illustrate the process of the present in- 

so vention, several examples will be given, followed by a 
discussion of the various processing steps. 

EXAMPLES 

55 Y-Ba copper-oxide superconductive films were pro- 
duced having high T^. Compositions having the nominal 
composition YBaCu204 and YBa2Cu30y were formed. 
The value of y is chosen to provide satisfaction of the 
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valence and stoichiometry requirennents of the compo- 
sition and can be, for instance, y = 8. 

A vacuum deposition system was used, having 
three lOkV electron beam heated sources. The deposi- 
tion rate could be controlled over the range of 0.1 - 1 
nm/sec, and substrate temperature could be varied from 
-100 to 700"C, The substrate composition can vary, and 
generally consisted of sapphire wafers commercially 
available with both c and a-axis orientation. Plates of 
MgO were also used as substrates, both with <11 0> and 
<001> orientations. In general, only small differences 
were found in the final films among the above mentioned 
substrates. 

The three electron guns were filled with the desired 
three metals, Y, Ba, Cu, and the evaporation rates were 
adjusted to give the nominal desired composition at the 
substrate plane. It was initially found that films made at 
room temperature in a high vacuum were often unstable 
upon removal to room ambient and generally were not 
superconducting. In order to avoid the deterioration of 
the films and to obtain stable films at room ambient, the 
films were deposited in a partial pressure of oxygen with 
a pressure up to 0.1 3 Pa (lO-^ torr). The substrate tem- 
peratures were elevated typically to about 450'*C. Films 
between 0.1 and 1 micron were grown. 

The ac resistance versus temperature data for 
these films were taken using four terminal pressure con- 
tacts while susceptibility measurements were made us- 
ing a SQUID magnetometer. The applied current was 
kept small during the resistance versus temperature 
measurements, typically around 1 microamp. while 
smaller currents were also used. These films showed a 
strong Meissner effect. The as-deposited films were 
dark and of high resistance. These as-deposited films 
did not generally go superconducting. When annealed 
at high temperature (about QOO'^C) in oxygen, the films 
became metallic and generally were superconducting. 

Chemical analysis confirmed that the composition 
of the films was within about 1 5% of the aimed-for value. 
The exact composition is not necessary to see high T^ 
superconductivity, a result which is in agreement with 
work on bulk materials of these types. Some variation 
over the plane of the substrates was also observed. 
Knowledge of the chemical composition proved to be of 
great value in adjusting vapour deposition rates, sub- 
strate temperature and background pressure. 

The Y-based films exhibited high T,. behaviour. For 
example, a film of composition 

Yo.75Bai.35CU307 7 

experienced an onset of superconductivity at about 
97** K and superconducting behaviour at about 50K. 
There was some microscopic evidence for the existence 
of a second phase in these films. The films have a nearly 
complete Meissner effect showing a susceptibility of 
about O.Sof 1/4# 

Additional Y-Ba films were grown having an onset 
of superconductivity at about 97K and exhibiting super- 



839 B1 




conductivity at temperatures in excess of 77K. These 
films had a nominal composition 

Yo.87^^1.53^"3°9-y 

^ EXAMPLE 

The process of this invention can also be applied to 
other high T^ oxide superconductors. For example, films 
containing La, Sr, Cu, and O can be obtained by this 
technique. In this case, the three electron guns are filled 
with La, Sr, and Cu. The general steps of the process 
are then the same as that described with respect to the 
preceding example except that there are some varia- 
tions in the annealing steps. These variations will be de- 
scribed in the following discussion. 

DISCUSSION OF PROCESS STEPS 

A key feature of the present process uses vapour 
streams of the metals to be utilised in the film. Substan- 
tially pure metal sources are used, rather than oxide 
sources which previously have been used to sputter low 
T<j oxide superconductors (see Suzuki etal, above). Co- 
deposition of these three metals occurs onto a heated 
substrate, there being an oxygen ambient so that oxy- 
gen will simultaneously arrive at the substrate for a sur- 
face reaction to form the oxide film. Those of skill in the 
art will recognise that other techniques can be used to 
provide the necessary oxygen ambient (e.g an oxygen 
ion beam, a jet of oxygen, etc). 

In the applicants' experimentation, it has been 
found necessary to provide oxygen in order to stabilise 
the growing films. Without the oxygen ambient, the films 
were unstable upon removal to room ambient and gen- 
erally were not superconducting. They were not uniform 
in appearance or deposition as confirmed by x-ray data. 
However, some of the proper structure was present on 
the films. Consequently in order to avoid deterioration 
of the films and to obtain stable films at room ambient, 
a partial oxygen pressure was used. 

Generally, high temperatures are required to pro- 
vide the perovskite phases necessary to obtain super- 
conductivity. For example, for bulk materials a sintering 
step in excess of about QOO^'C is required. However, 
such temperatures cannot be used when pure metals 
are vapour deposited, as many of these pure metals 
have melting points which are less that these high tem- 
peratures. This is particularly true for the alkaline earth 
elements. Thus, In a vacuum environment these metals 
would boil off, leading to excess deficiencies of the met- 
als in the growing film. Typically in order to obtain the 
proper phase high temperatures are required but such 
high temperatures cannot be used in the film deposition 
apparatus. Therefore, complete in-situ oxidation is not 
readily obtained and, for this reason, subsequent an- 
nealing steps are used. These annealing steps are tai- 
lored in accordance with the composition of the film that 
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is grown and the amount of oxygen incorporated into the 
growing film. Typically, the annealing step is used to in- 
sure that a proper amount of oxygen is present and/or 
to obtain the right phase for superconductivity 

For example, a 2-step anneal is used for supercon- s 
ducting oxides containing La and Sr For these films, a 
first anneal at about 400*C in a pure oxygen environ- 
ment is used. This anneal is for approximately 6-30 min- 
utes. It Is then followed by a second annealing step at 
about 700®C in pure oxygen, again for about 6-30 min- io 
utes. The first low temperature anneal adds oxygen to 
the film, while the second higher temperature anneal is 
used to produce the proper phase for superconductivity 
In these La-Sr films, if the annealing temperature is 
greater than about 550**C, the films will start to lose ox- 
ygen. However, an anneal at temperatures greater than 
this is necessary to provide the proper perovskite phase 
for superconductivity Therefore, a two-step approach is 
used where the first annealing step at about 400''C en- 
ables additional oxygen to be incorporated while the 
second annealing step at about yOO^C allows the for- 
mation of the proper superconducting phase, even 
though some oxygen will be lost. 

Y-Ba films, as deposited, exhibit characteristics be- 
tween insulating and metal properties. Their room tem- 25 
perature resistance is in the megaohm range for films 
typically about 4-10-^ m (4000 Angstroms). Thus, an in- 
termediate annealing step is not required since these 
films contain enough oxygen, in contrast with as-depos- 
ited La-Sr films which have a room temperature resist- 30 
ance of only about 5-10 ohms. Y-Ba films can be an- 
nealed directly at high temperature (about 900®C) in an 
oxygen atmosphere for a few minutes. They are then 
slowly cooled (about 3 hours) to room temperature. 

In an alternative step, the Y-Ba films are first heated 3S 
to about 900^*0 in a 100% He atmosphere. The pres- 
ence of He performs mixing in order to eliminate com- 
positional non-uniformities which may be present in the 
film, which makes the films more homogeneous. This is 
followed by an anneal in 1 00% oxygen for a few minutes 40 
at about 900**C. 

As noted above, the cooling step after annealing is 
generally done slowly over a period of several hours to 
room temperature. It appears to be particularly impor- 
tant to provide very slow cooling over the first few hun- 45 
dred degrees. During this cooling, the oxygen atmos- 
phere can be maintained. 

It has been noted that substrate heating appears to 
be important in order to provide good control of the rel- 
ative amounts of the metal in the high T^ superconduc- so 
tors of this invention. Generally the ratio of the rare earth 
element/alkaline earth element must be controlled rea- 
sonably well. For example, the ratio La:Sr is usually 
about 1.8:0.2. However, it is difficult to control alkaline 
earth elements as a vapour transporting species since 55 
they tend not to have a constant transport rate. In order 
to compensate for this, the substrate temperature is el- 
evated. Generally, it is believed that the substrate tem- 
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perature can be controlled to obtain the necessary re- 
action between the depositing metals and oxygen at the 
substrate. Epitaxy may be possible with the correct com- 
binations of substrate temperature, metal transport 
rates etc. 

It has been observed that the substrate temperature 
during co-deposition of the metals comprising the su- 
perconducting oxide films can determine the relative 
amounts of these metals in the film. Rather than deposit 
on cooled or room temperature substrates, higher sub- 
strate temperatures were used. For example, at a sub- 
strate temperature 650°C in an oxygen ambient pres- 
sure of 0.13 Pa (lO-^T) the La:Sr ratio was 1.75:0.04. 
At a substrate temperature of 550**C in the same oxygen 
ambient a ratio of 1 .9:0.31 was obtained. Thus, the sub- 
strate temperature can be used to smooth out variations 
in the deposition rate of various metals and allows good 
control of the rare earth element:alkaline earth element 
ratio. The substrate temperature is convenient to control 
and quite precisely adjustable. 

While several substrates have been mentioned, 
nnany others can be considered. Generally, it is prefer- 
able that the substrate be non-reactive with alkaline 
earth oxides of the type to be found in the superconduct- 
ing films, since the alkaline earth materials are quite re- 
active. Refractory oxides are very favourable sub- 
strates, as are magnesium aluminium spinels, sapphire, 
and MgO. The particular orientation of the substrate 
does not appear to be critical. Further, the substrate 
need not have a planar, layer-like form, but can be in the 
shape of a wire or any type of irregular surface geome- 
try. 

In the practice of this invention, films of transition 
metal superconducting oxide are formed exhibiting high 
Tq and especially a T^ in excess of liquid nitrogen tem- 
peratures. These films are characterised by the pres- 
ence of a transition metal oxide and typically by the pres- 
ence of a rare earth element and/or a rare earth-like el- 
ement which can be substituted for by an alkaline earth. 
The transition metal element is a multi-valent non-mag- 
netic element while the alkaline earth element is select- 
ed from the group consisting of Ca, Ba, and Sr. The rare 
earth-like elements include Y, Sc, and La. The non-mag- 
netic transition metal is selected from the group consist- 
ing of Cu, Ni, Ti, and V. Of these, Cu is the most favour- 
able, yielding film properties which are unique and un- 
expected. 

In the further practice of this invention, it is to be 
understood that the term film broadly encompasses a 
layer, coating, etc, that is formed (deposited or grown) 
on a surface of any composition, shape, etc. These films 
have wide-spread applications in the electric and elec- 
tronics industry, including uses as transmission and cir- 
cuit lines, device electrodes, sensitive detectors of elec- 
tromagnetic fields, and in various optoelectronic devic- 
es. Specific immediate uses include applications in high 
field magnets, electromechanical devices, Josephson 
tunnel devices, and interconnect metallurgy on and be- 
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tween chips in order to improve speed and packaging 
density in the microelectronics industry. 



Claims 

1 . A process of making films of superconductive mate- 
rial exhibiting superconductivity at temperatures in 
excess of 40K, said process including the steps of: 

employing an evaporation process to transport 
metal atoms from separate metal sources to a 
substrate, at least one of said metal atoms 
being a transition metal capable of forming a 
transition metal oxide composition having a 
super-conducting phase exhibiting supercon- 
ductivity at temperatures in excess of 40K; 

providing an oxygen ambient at said substrate 

while said metal atoms are arriving thereat, said 
metal atoms and said oxygen reacting to form 
a transition metal oxide film on said substrate; 

annealing the as-deposited oxide film in an oxy- 
gen environment; and 

slowly cooling said annealed film to room tem- 
perature, said resulting cooled film having a 
phase which exhibits superconductivity at tem- 
peratures in excess of 40K. 

2. A process as claimed in claim 1 , wherein the evap- 
oration process transports metal atoms from sub- 
stantially pure metal sources to the substrate. 

3. A process as claimed in claim 1 or claim 2, where 
the annealing Includes a first annealing step at a 
first temperature and a second annealing step at a 
higher temperature. 

4. A process as claimed in any of claims 1 to 3, 
wherein three metal sources are utilised to provide 
vapours of three metals, said three metals including 
said transition metal, a rare earth element or rare 
earth-like element, and an alkaline earth element. 

5. A process as claimed in any of claims 1 to 4, 
wherein the transition metal oxide film has a phase 
exhibiting superconductivity at a transition temper- 
ature Jq in excess of 70K. 

6. A process as claimed In any preceding claim, 
wherein said film is continuous and smooth. 

7. A process as claimed In any preceding claim, 
wherein the transition metal oxide superconducting 
phase is a copper oxide phase. 



9. 



A process as claimed in claim 3, wherein the ratio 
of the rare earth element or rare earth -like element 
and alkaline earth element to the transition metal 
element is substantially 1:1. 

A process as claimed in claim 7, wherein the rare 
earth or rare earth-like element is selected from the 
group consisting of Y, Sc, and La. 



IS 



10 10. A process as claimed in any preceding claim, where 
the superconducting film has a nominal single 
phase composition 

Y^BagCUgOy 

where y Is sufficient to satisfy the valence and 
stoichiometry demands of the material. 

11. A process as claimed in any preceding claim, 
wherein said superconducting film has the proper- 
ties of a superconducting onset temperature In 
excess of 90K and a substantially zero resistive 
state at temperatures in excess of 70K. 

12. A process as claimed in any preceding claim, 
wherein the superconducting film comprises a 
mixed copper oxide film exhibiting a perovsklte-like 
crystalline structure. 
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Patentanspruche 

1. EIn Verfahren zur Herstellung von Schichten aus 

supraleltfahigem iVIaterlal, das eine Supraleltfahig- 
keit bei Temperaturen uber 40K aufweist, wobel die- 
ses Verfahren die folgenden Schritte aufweist: 

Einsatz eines Verdampfungsprozesses zum 
Transportieren von Metallatomen aus geson- 
derten Metallquellen auf ein Substrat, wobel 
wenigstens eines dieser Metallatome ein Uber- 
gangsmetall ist, das in der Lage ist, eine Uber- 
gangsmetalloxid-Zusammensetzung zu bllden, 
die eine supraleitende Phase aufweist, die uber 
40K supraleitend ist; 

Vorsehen einer Sauerstoffumgebung an dle- 
sem Substrat wahrend die Metallatome dort 
auftreffen, wobel diese Metallatome und der 
Sauerstoff reagieren, um eine Ubergangsme- 
talloxidschicht auf dem Substrat auszubilden; 

Gluhen der abgelagerten Oxidschlcht Im Ist- 
Zustand in einer Sauerstoffumgebung; und 

langsames Abkuhlen dieser geglOhten Schicht 
auf ZImmertemperatur, wobel dIese entste- 
hende gekuhlte Schicht eine Phase aufweist, 
die bei uber 40K supraleitend ist. 
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Revendications 



2. Ein Verfahren gemaB Anspruch 1 , In dem der Ver- 
dampfungsprozefB Metallatome von im wesentli- 

chen reinen Metallquellen auf das Substrat trans- 1. 
portiert. 

5 

3. Ein Verfahren gemaB Anspruch 1 Oder 2. in dem 
das Gluhen einen ersten Gluhschritt bei einer 
ersten Temperatur, und einen zweiten Gluhschritt 
bei einer hoheren Temperatur beinhaltet. 

10 

4. Ein Verfahren gemaB einem beliebigen der Anspru- 
che 1 bis 3, bei dem drei Metallquellen benutzt war- 
den, urn Dampfe der drei Metalle zu erzeugen. 
wobei die drei Metalle das Ubergangsmetall. ein 
Seltenerdeelement bzw. Seltenerdeahnliches Ele- ^5 
ment, und ein Erdalkalielement umfassen. 



Un proced6 de fabrication de couches de materiau 
supraconducteur supraconductible k des tempera- 
tures excedant 40K, ledit proc6d6 incluant les Sta- 
pes suivantes : 

Tutilisation d'un proc§de d'6vaporation pour 
transporter les atomes m^talliques depuis des 
sources m^talliques s^par^es jusqu*^ un subs- 
trat, run au moins des atomes m6talllques etant 
un metal de transition susceptible de former 
une composition d'oxyde m6tallique de transi- 
tion ayant une phase supraconductlve qui soit 
supraconductible k des temperatures excedant 
40K; 



5. Ein Verfahren gemaB einem beliebigen der Anspru- 
che 1 bis 4, bei dem die Ubergangsmetalloxid- 
schicht eine Phase aufweist, die bei einer Sprung- 
temperatur uber 70K Supraleitfahigkeit zeigt. 

6. Ein Verfahren gemaB einem beliebigen der vorste- 
henden Anspruche, bei dem die Schicht kontinuier- 
lich und glatt 1st. 

7. Ein Verfahren gemaB einem beliebigen der vorste- 
henden Anspruche, bei dem die Ubergangsmetall- 
oxid-Phase eine Kupferoxid-Phase ist. 

8. Ein Verfahren gemaB Anspruch 4, in dem das Ver- 
haltnis zwischen Seltenerdeelement bzw. Selten- 
erde-ahnlichem Element und dem Ubergangsme- 
tallelement im wesentlichen 1:1 betragt. 

9. Ein Verfahren gemaB Anspruch 8, in dem das Sel- 
teneerdeelement Oder das Seltenerde-ahnliche 
Element aus der Gruppe Y, Ge und La gewahit wird. 

10. Ein Verfahren gemaB einem beliebigen der vorste- 
henden Anspruche, bei dem die Supraleiterschicht 
eine nominate Einphasenzusammensetztung auf- 
weist: 

Y,Ba2Cu30y 

wobei y ausreichend ist, die Bedingungen der Wer- 
tigkeit und der Stochiometrie zu erfullen. 

11. Ein Verfahren gemaB einem beliebigen der vorste- 
henden Anspruche, bei dem die Supraleiterschicht 
die Eigenschaften einer Anfangs-Supraleitfahigkeit 
uber 90K und einen im wesentlichen Null-Wider- 
stand bei Temperaturen uber 70K aufweist. 

12. Ein Verfahren gemaB einem beliebigen der vorste- 
henden Anspruche, bei dem die Supraleiterschicht 
eine gemischte Kupferoxidschicht aufweist, die 
eine Perowskit-artige Kristallstruktur zeigt. 



la preparation d'une ambiance d'oxyg^ne pour 
le-dit substrat pour qu'au contact des-dits ato- 
20 mes de m6tal, ces derniers r6agissent avec le- 

dit oxyg^ne pour former une couche d'oxyde 
metallique de transition sur le-dit substrat ; 

I'adoucissement de la couche d'oxyde ainsi 
25 d6pos6e dans un environnement d'oxyg^ne ; 

et 

le refroidissement lent k la temperature de la 
piece de la-dite couche adoucie, ledit film 
30 ref roidi en resultant ayant une phase supracon- 

ductible k des temperatures excedant 40K. 

2. Un procede tel qu'il est revendique k la Revendica- 
tion 1 , par lequel les atomes metalliques sonttrans- 

35 portes par evaporation depuis des sources metalli- 
ques essentiellement puree jusqu'au substrat. 

3. Un procede tel qu'il est revendique dans la Reven- 
dication 1 ou la Revendication 2ou I'adoucissement 

40 se fait en deux etapes, la premiere k une tempera- 
ture donnee et la seconde k une temperature plus 
eievee. 

4. Un procede tel qu'il est revendique dans les Reven- 
45 dications 1 k 3, par lequel les trois sources metalli- 
ques sont utilisees pour produire les vapeurs des 
trois metaux, les-dits trois metaux incluant le-dit 
metal de transition, un element terrestre rare ou un 
element quasi-terrestre rare et un element terrestre 

so alcalin, 

5. Un procede tel qu'il est revendique dans les Reven- 
dications 1 k 4 dans lequel la couche d'oxyde metal- 
lique de transition a une phase supraconductible k 

55 une temperature de transition superieure k 70K. 

6. Un procede tel qu'il est revendique dans les Reven- 
dications mentionnees supra, dans lequel la-dite 
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couche est lisse et continue. 



7. Un proced^ tel qu'il est revendiqud dans les Reven- 
dications mentionn^es supra, dans lequel la phase 
supraconductrice d'oxyde m^tallique de transition s 
est une phase d'oxyde de cuivre. 

8. Un proced6 tel qu'il est revendlqu6 ^ la revendica- 
tion 4, dans lequel le ratio de T^l^ment terrestre rare 

- ou de r^l^ment quasl-terrestre rare - et de i'dld- io 
ment terrestre alcalin avec T^iement m6tallique de 
transition est substantiellement 1:1. 

9. Un procede tel qu'il est revendiqu6 k la Revendica- 
tion 8 dans lequel I'^lement terrestre ou quasi-ter- ^5 
restre rare est choisi dans un groupe consistant en 

Y, Sc et La. 

10. Un proc^dd tel qu'il est revendiqud dans les Reven- 

dications qui pr6c6dent, dans lequel la couche 20 
supraconductrice a une composition de phase 
nominate et unique 

Y^BagCUgOy 

oij y est suffisant pour repondre aux demandes 
stoechiometriques et de valence du materlau. 

11. Un proced6 tel qu'il est revendique dans les Reven- 
dications qui pr^c^dent, dans lequel la couche 
supraconductrice a pour propri6t6 une temperature 
de depart de supraconductibilit6 exc^dant 90K et 
un niveau significatif de resistance z^ro k des tem- 
peratures exc6dant 70K. 

12. Un precede tel qu'il est revendiqu6 dans les Reven- 
dications qui precedent, dans lequel la couche 
supraconductrice contient une couche d'oxyde de 
cuivre mixte ayant une structure cristalline de type 
perovskite. 
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